Confirmation of C perfringens food poisoning depends on the isolation of large numbers (> 106/g) of the organism from faecal specimens and the subsequent demonstration of a common serological type in these and in the incriminated food. The ability of these isolates to produce enterotoxin in vitro may be of importance, but the problems associated with obtaining good sporulation and subsequent enterotoxin production in vitro are well known and make this approach unsuitable.5 An alternative approach is to show the presence of enterotoxin in faeces, and this may be particularly valuable when serological confirmation is not possible.
Confirmation of C perfringens food poisoning depends on the isolation of large numbers (> 106/g) of the organism from faecal specimens and the subsequent demonstration of a common serological type in these and in the incriminated food. The ability of these isolates to produce enterotoxin in vitro may be of importance, but the problems associated with obtaining good sporulation and subsequent enterotoxin production in vitro are well known and make this approach unsuitable.5 An alternative approach is to show the presence of enterotoxin in faeces, and this may be particularly valuable when serological confirmation is not possible. This study Accepted for publication 22 October 1984 describes the development of a rapid and sensitive immunoassay capable of detecting low concentrations of enterotoxin in crude faecal extracts A set of eight enterotoxin standards, generated by double dilution of a 50 ng/ml stock enterotoxin solution, was included in each plate and a standard curve was plotted with optical density on the y axis and log enterotoxin concentration on the x axis ( Figure) . To assess, initially, whether a sample was enterotoxin positive it was included in duplicate with an equal volume of a 1/5 (vol/vol) dilution in PBS-Tween of either normal rabbit serum (N) or antienterotoxin antiserum (P). If a ratio of N:P >2.1 was obtained the sample was considered positive. Eight doubling dilutions of the sample solutions were also made to ensure that some values would be within the range of the standard curve and the average of these was taken as the final result. A computer program, written in FORTRAN IV, was used to facilitate calculation of results. To determine the optimum coating and conjugate concentrations the assay was performed with a range of each. The concentrations chosen were those which gave maximum sensitivity together with maximum specificity-that is, the highest optical density with the highest N:P ratio. (Table 3 ). Faecal specimens from the three control groups were all enterotoxin negative (Table 4) .
Results obtained when the ELISA was compared with two other immunoassays for enterotoxin are presented in Table 5 . Double gel diffusion was not used quantitatively and had a limit of detection of 2 ,g/g, whereas toxin values above 1 ug/g were quantitated by counterimmunoelectrophoresis. 16 ,ug/g. In our studies on 302 positive specimens, however, 116 (38%) contained less than 0-5,u.g/g and therefore an assay with a minimum sensitivity of 0-5 ,ug/g would not detect toxin in more than one third of the positive faeces associated with outbreaks. A much wider range (12 ng/g-140 ,ug/g) of toxin concentrations was found in the 302 positive specimens than previously reported in other studies, '6 19 where a smaller number of faeces (fewer than 10) were examined. Unlike the other methods described,'5-" ours and that of Notermans et al"' are double antibody sandBartholomew, Stringer, Watson, Gilbert wich techniques which require the preparation of specific antienterotoxin enzyme conjugate, whereas the others need antibodies raised in two different species. In our experience preparation of conjugate has not presented any difficulties but there are obvious advantages in the use of commercially available anti-IgG-enzyme conjugate when several antigens are under simultaneous investigation.
Allowing for differences in sensitivity, good correlation was achieved between the ELISA and double gel diffusion and counterimmunoelectrophoresis. Specimens from all three control groups including cases of diarrhoea not due to Cperfringens were negative for toxin. This provided additional confirmation that the ELISA was specifically detecting C perfringens enterotoxin and not other faecal components. Some workers have had problems in applying the ELISA technique to the study of crude faecal extracts-for example, Notermans et all' have described interference by faecal material even when faeces were diluted 1/105. Initially, we encountered some difficulty due to non-specific effects but this was overcome by the addition of 1% normal rabbit serum with the conjugate solution. The rabbit serum acts by diluting out any enzyme labelled antibodies to non-enterotoxin faecal proteins.
Another area of difficulty concerns extraction and recovery of toxin from faecal material. The recovery results obtained in this study are encouraging and show the ability of the ELISA to quantitate accurately enterotoxin present in faecal extracts. In contrast, when Narayan et all7 attempted to assess recovery of enterotoxin added to normal rabbit faeces before extraction only 39% was recovered, and this may reflect a problem in extraction rather than an inability to estimate toxin in faeces. The fact that most of the samples we studied were diarrhoeal enabled us to make extracts with the minimum of dilution, whereas most other studies have had to make 1/10 dilutions owing to the solid nature of the normal stools. Thus we were able to avoid unnecessary dilution of faecal enterotoxin.
The diarrhoeal nature of specimens collected within the first two days of illness emphasised the clear relation between day of collection and ability to detect toxin. There was an obvious distinction between samples collected on the first two days and those collected later (Tables 1 and 2 ). Not only were more outbreaks serologically confirmed (85% compared with 43%) but more samples had detectable toxin (77% compared with 33%) when less than two days had elapsed since the onset of symptoms. In addition, most positive samples in the first group had toxin concentrations between 1 and 100 ,g/g, whereas most samples in the latter group had faecal toxin of less than 1 ,g/g.
Enzyme linked immunosorbent assay for Clostridium perfringens type A enterotoxin Experimental food poisoning in monkeys has shown that maximum excretion of faecal enterotoxin occurs in the diarrhoeal stage of illness, diminishes gradually, and is absent two days after ingestion of viable cells of C perfringens.20 These findings were substantiated by carrying out a monkey feeding experiment in which monkeys were fed 109 viable cells and 103 spores (unpublished work carried out in collaboration with the PHLS Centre for Applied Microbiology and Research, Porton Down). The highest level of enterotoxin (70 ug/g) was detected after 20 h; at 44 h only 0-1 ,ug/g was present, and after 48 h toxin was not detected.
From these findings it is evident that in the investigation of suspected C perfringens food poisoning, faecal specimens must be collected as soon as possible in the acute stage of diarrhoea. The presence of detectable toxin in outbreak faeces may also be influenced by the way in which specimens are handled and stored before laboratory examination, since it is not unreasonable to postulate that bacterial degradation of enterotoxin can occur. Notermans et al,'8 however, have implied that faecal ente;otoxin is stable for at least 20 days at room temperature, but since they give no quantitative results this is an obvious area for further investigation.
C perfringens enterotoxin is produced in vivo after sporulation, and symptoms of food poisoning usually occur between 8 and 20 h after consumption of incriminated food. It has been suggested that symptoms occurring within 6 h may be due to preformed enterotoxin in food.2' During a study of the ability of C perfringens to produce enterotoxin in foods, Naik and Duncan examined a food sample associated with an outbreak. Enterotoxin was detected in this food, and in addition the strain of C perfringens isolated was also enterotoxigenic. In our investigation we were able to examine 21 foods implicated in 12 outbreaks and toxin (8-52 ng/g) was detected in three. Incubation time for the 12 outbreaks ranged from 6 to 18 h and there was no correlation between incubation time and the presence of toxin in food. It is not possible to know whether these concentrations of toxin were present in the foods at the time of ingestion or were produced during subsequent handling and storage after the incident. Skjelkvale and Uemura22 have shown that at least 8 mg of pure toxin was required to provoke diarrhoea when administered orally to human volunteers whose gastric juice had been neutralised with sodium bicarbonate. It therefore seems unlikely that the relatively small amounts of toxin detected in the three foods in this study could induce early onset illness. In laboratory experiments several workers have looked at sporulation and enterotoxin production in various beef and poultry products2' 23 and detected enterotoxin at concentrations of up to 24 ,pg/g. It would therefore seem possible for appreciable amounts of enterotoxin to be produced in foods and these could cause illness providing the toxin retains its activity during passage through the stomach.
In conclusion, the double antibody ELISA technique described here has proved to be a useful epidemiological tool when applied to the study of 50 outbreaks of food poisoning due to C perfringens. Detection of faecal enterotoxin using this method may supplement information obtained by serological typing of the isolates or replace it when serological confirmation is not possible for one or more of the following reasons: the C perfringens isolates are non-typable with the range of antisera available; they may be too rough to type; the faecal specimens may have been collected some time after the onset of symptoms, resulting in a mixture of serotypes due to re-establishment of the normal intestinal flora. In this study 14 of 16 outbreaks which were not serologically confirmed had some samples containing detectable enterotoxin, whereas there was only one serologically confirmed outbreak in which toxin was not detected. Thus faecal enterotoxin assayed by this ELISA confirmed 47 of 50 (94%) Cperfringens outbreaks compared with 32 of 48 (67%) confirmed by serotyping.
